, 1C and 1D. Upon fabrication of the template, the devices were ultimately etched onto a thick photoresist 1 4 0 wafers by using e-beam photolithography. Upon prebaking, photomasks with the designed 1 4 1 microchannel geometries were placed onto the coated silicon wafers and exposed to UV using a 1 4 2 UV exposure system (UV-KUB, Kloé, France). After the post-baking and developing, each 1 4 3 microfluidic platform was used as a mold for creating the PDMS chip. A 10:1 (w/w) mixture of 1 4 4 PDMS polymer and the curing agent (Sylgard, Dow Corning, Burlington, ON, Canada) was 1 4 5 stirred thoroughly and degassed under vacuum. Then the mixture was poured onto the master 1 4 6 mold and cured at 75°C for 4 h. After curing, the PDMS replica was peeled off from the master, phase contrast 1 mode, with the NCB and D filters on. The video was captured at 640 × 480 1 7 1 resolution in a 40 ms exposure, with 2× analog gain and at 15 fps in 1 minute-long sections. Three different microfluidic devices with varying geometries (circular, semi-circular 1 7 7 shell, and square cut outs; Fig. 1A, 1B and 1C, respectively) were selected for this study. All 1 7 8 devices were prepared in the same fashion. The devices were initially sterilized with 70% 1 7 9 isopropyl alcohol and rinsed with distilled water. They were then coated with 0.1% sterile 1 8 0 filtered bovine serum albumin (BSA) at room temperature for 10 minutes, with sealed inlets and 1 8 1 outlets. After incubation, the devices were rinsed with distilled water. Cultured bacterial cells 1 8 2 were then injected into this environment, and the inlet and outlet were resealed to allow for fluid 1 8 3 settling over 15 minutes. The serpentine gradient generating microfluidic device ( Fig. 1D ) was used to prepare a 1 8 7 linear stiffness gradient of Type-1 Collagen. Collagen at the desired concentration was placed in for 15 minutes. The device inlets were then sealed, and the chambers were placed in an 1 9 2 incubator for 30 minutes at 37°C for the formation of a collagen gel. Thereafter, the inlets were 1 9 3 injected with PBS to wash excess collagen from the channels. The PBS solution was maintained 1 9 4 throughout the experiment at 5 μ L/h flow rate to prevent the backflow of bacteria. The cell 1 9 5 pellet was stained with Syto-9 Live/Dead dye (Life Technologies Inc, Burlington, Canada) 1 9 6 before resuspension in chemotactic buffer. To make the dye solution, 3 μ L of dimethyl sulfoxide 1 9 7 with 1.67 mM SYTO 9 dye and 1.67 mM propidium iodide was suspended in 1 ml water. Two 1 9 8 1 0 hundred μ L of this dye solution was then added to the washed bacterial cells (suspended in 1 ml 1 9 9 of water) to yield 1.2 ml of dyed cell solution. The staining solution was combined with the cell 2 0 0 pellet and mixed thoroughly and kept in the dark for 30 minutes. 1 ml of chemotactic buffer was 2 0 1 then added followed by the injection of the cell suspension into the cell inlet of the microfluidic outer inlets were plugged for all trials. The device was sterilized with 70% IPA and rinsed with 2 1 1 distilled water. Bacterial cells were then injected into the device suspended in conductive 2 1 2 chemotactic buffer medium. A platinum electrode was then inserted into both the inlet and the 2 1 3 outlet of the device and sealed with paraffin wax. The fluid was allowed to settle over the course 2 1 4 of 15 minutes before any data was recorded. The positive and the negative terminals of a 2 1 5 variable DC power supply were connected to each electrode and we began to record 2 1 6 observations. A 30-second video was recorded for cell motility at 0, 5, and 10 minutes after 2 1 7 application of each voltage setting. Data was acquired at intervals of 0.0 V, 0.5 V, 1.0 V, 1.5 V, 2 1 8 and 2.0 V applied in a successive manner. Data was then also recorded in fresh trials with 1.0 2 1 9 and 2.0 V applied without exposure to previous voltages. The video data recorded from the microchannel geometry trials and electrotaxis trials 2 2 3 were processed in a similar manner. The videos were cut into 15 second fragments and analyzed 2 2 4
with ImageJ software. The videos were adjusted to subtract the background, averaging the The durotaxis time-lapse data was also analyzed with ImageJ software. The stacks were regions of the collagen stiffness pattern across the channel were acquired using a 10X objective 2 3 7 lens. Images were analyzed using ImageJ software (NIH) to subtract the background and to 2 3 8 measure the cell area and the trajectories of the centroids of the cells along the stiffness gradient. Additional details regarding the methodology for calculating the different migration indexes can 2 4 0 be found elsewhere at Zengel et al., (2011) . Rayleigh test was used to test whether the deviations 2 4 1 of the cell directions from the direction of electric field were significant. conditions. The stiffness gradient across the channel was verified using the indentation that either the x-axis or the y-axis is parallel to the direction of the chemotactic gradient. The The microchannel geometries varied from a restricted circular deformation (Fig. 1A) to a 2 7 4 semi-circle shell (Fig. 1B) to a square-tooth object (Fig. 1C ). If the center of mass was mapped 2 7 5
to the origin, we concluded that there was no flow (Table 1 ). The velocities of individual P. shell and sqre-tooth devices, respectively (Table 1) . Other than reducing the run-trajectories of 2 8 4 an individual bacterium, the values did not follow any specific trend when studied under 2 8 5 different geometries with immediate effects on directness. The assessment of P. aeruginosa's response to greater rigidness, modeled by increasing 2 8 9
the concentration of wound-relevant type-1collagen, is depicted in Fig. 4 . With a slow flow rate results of AFM indentation analysis confirmed that there is stiffness gradient across the width of 2 9 8 the observation channel of the microfluidic gradient generator and it ranged from 2 kPa to 70 kPa 2 9 9 over a distance of 1000 µm (Fig. 3) . Additional surface roughness measurement using contact The application of DC voltage to a microfluidic-controlled environment through 3 0 9 chemotactic buffer resulted in altered cell motility (Fig. 5) . The microfluidic channel filled with application and became more obvious as the time of voltage application was extended (Fig. 5) .
1 5
This trend is apparent at the 1.5 V applications, as cell velocity drops from 17.75μm/s to 3 1 6
16.60μm/s to 15.01μm/s at time intervals of 0, 5, and 10 minutes, respectively. The Euclidean 3 1 7 distances for individual bacterial cells did not show any changes, nor did they follow any specific determined to not be statistically significant (P > 0.05). However, the cell directness was greatly min. This is a significant change compared to the original values that ranged from -8.15 to 0.204 3 2 8 before the application of an electric field (Table 2) . Therefore, with an applied electric field, it 3 2 9
can be expected that individual bacterial cells will move towards the positive electrode,
representing a more direct trajectory path, as measured by directness. Both successive and sudden voltage application methods were used to analyze the 3 3 2 response of P. aeruginosa to electric fields. The sudden voltages applied were compared against 3 3 3 successive voltages of the same magnitude at t = 0 min (Table 3 ). There were small changes in for the sudden voltages of 1.0 and 2.0. When comparing the directness between the two 3 3 9 application methods (Fig. 5D ), we found that prolonged exposure to applied voltage further using a 1 way ANOVA with Dunnett's post hoc test with p<0.05 (Table 4 ). also influence cell motility, which can be described by rheotaxis, as bacteria adjust to the shear 3 5 9
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